2 1 Abstract:
9 209 the data indicate that Hipk can modulate the phosphorylation of Dlg by PAR-1, and likely 210 CaMKII as well, through negatively regulating the expression of these kinases.
Hipk modulates the localization of nuclear proteins
212 The nuclear Hipk proteins have been previously associated with nuclear structures known as 213 'Hipk domains' (Moller et al., 2003) , PML bodies, or paraspeckles (Rinaldo et al., 2008) . To 214 further investigate the relationship between the striking nuclear Hipk structures observed on 215 Hipk over-expression and that of other nuclear factors, we performed immunocytochemistry with 216 antibodies to two nuclear proteins demonstrated to have extensive roles in the nervous system. 217 For instance, TAR DNA binding protein 43 (TDP-43) is a DNA-and RNA-binding protein 218 predominantly localized to the nucleus that has roles in transcriptional regulation, as well as 219 RNA processing and stability (Buratti and Baralle, 2001; Casci and Pandey, 2015) . This protein 220 is present in Drosophila, where it has been well characterized and is called TBPH (Casci and 221 Pandey, 2015) . Additionally, the protein fused in sarcoma (FUS/TLS) ,which in Drosophila is 222 represented by Cabeza (Caz, or dFUS), is a nuclear-associated transcriptional activator which has 223 also been well characterized (Lanson et al., 2011) . Mutations in TDP-43 and FUS have been 224 identified in patients with the familial form of the neurodegenerative disorder amyotrophic 225 lateral sclerosis (ALS), which is characterized by progressive loss of motoneurons and muscle 226 atrophy.
227 In the wild-type control, Caz localized predominately to muscle nuclei ( Fig. 6A ). Muscle-228 specific Hipk over-expression did not alter Caz distribution or levels ( Fig. 6B ). TBPH 229 immunoreactivity in the wild-type showed a largely nuclear distribution, with some labeling of 230 the muscle cytoplasm ( Fig. 6C ). In contrast, with Hipk over-expression, TBPH immunoreactivity 231 was strikingly reduced in the nucleus, with increased TBPH labelling around the nuclear 232 membrane (Fig. 6D ). The presence of cytoplasmic TDP-43/TBPH is seen in a variety of 233 neurological disorders including ALS, as well as fly models of ALS, and is believed to be due to 234 the inability of TDP-43 to re-enter the nucleus (Casci and Pandey, 2015; Chou et al., 2018) .
A deleterious interaction between Hipk overexpression and TBPH overexpression was seen
236 when Hipk (using attP40 UAS-hipk, which itself does not cause an eye phenotype when driven 237 with longGMR-Gal4) was co-expressed with UAS-TBPH in Drosophila eyes, using longGMR-10 238 Gal4, leading to a rough/necrotic eye phenotype ( Fig 6I) . On the other hand, analogous co-239 expression of UAS-caz had no striking effect ( Fig 6G) . 
Effects of Hipk on NMJ
282 To evaluate the possible mechanism of Hipk action at the NMJ and muscle we studied NMJs in 283 Hipk over-expressing animals and found that terminal axonal branching onto these muscles was 284 significantly larger than controls. We found that these NMJ boutons had a striking reduction in 285 levels of phosphorylated Hts, which could be related to the axonal branching effect. Adducin/Hts 286 is an actin-and Spectrin-binding protein that is present both pre-and post-synaptically in the fly 287 NMJ. It is regulated by phosphorylation and we have found that phosphorylated Adducin (p- 316 2016). Interestingly, mice having mutations in FUS/TLS that are associated with familial ALS 317 did not demonstrate the altered Hipk2 levels, consistent with our observations that Hipk over-318 expression did not alter the distribution of nuclear Caz [Drosophila FUS], or produce a rough 319 eye phenotype with Caz over-expression. However, it is possible that given the many signaling 320 pathways that are triggered by Hipk, other potential mechanisms for neurotoxicity exist. For 321 instance, Hipk2 has also been linked to transcriptional control of N-methyl-D-aspartate 322 receptors, which are well established to be involved in neuronal cell death (Shang et al., 2018) .
323 Our data demonstrate that in addition to having roles in tumorigenesis Hipk also has profound 324 effects on the nervous system and muscle including on the NMJ. This work also indicates that in 325 addition to modifying phosphorylation of nuclear proteins, Hipk affects the distribution of 326 nuclear proteins and also can influence the phosphorylation state of extra-nuclear proteins, either 327 directly or indirectly affecting function and viability.
